Abstract: A series of novel poly(arylene imino) containing fluorenone group (PIKF) have been synthesized via palladium-catalyzed polycondensation. The thermal properties of PIKF are detected by thermal behavior (TG) and differential scanning calorimetry (DSC). UV-vis absorption spectra, photoluminescence are investigated. PIKF exhibit good thermal stability and high Tgs(>200 0 C ). The optical properties of PIKF show that PIKF are interesting materials for further investigations to be presented as possible candidates for use as an electron transport layer (n-type) in multilayer LEDs.
Introduction
Since the polymer light-emitting diode (LED) was introduced in 1990 it has become a great challenge to fabricate a LED for a full color display [1] . A large number of polymers emitting blue, green and red light have been synthesized. A serious of conjugated polymers have been designed and synthesized to realize efficient blue photoluminescence (PL) and electroluminescence (EL) [2] [3] . However, only a limited number of polymers appear promising for use in blue polymer LEDs [4] .
The synthesis of conjugated polymers has developed from a purely structural motivation to providing materials for electrical and optical applications. Many such applications are related to the formation and migration of charge. However, there are only few reports on electron-deficient conjugated polymers [5] [6] . Characteristic features of these structures are their low-lying conduction bands and their high electron affinity, which would qualify them as candidates for n-type electrical conductors. Typical applications would be conceivable in photovoltaic cells or in multilayer light-emitting diodes (LED) [7] . In this paper, the aim is to synthesize novel conjugated non-conjugated PIKF polymers containing novel carbon-nitrogen linkage as electron-deficient polymers via palladium-catalyzed polycondensation [8] [9] [10] . An extensive characterization of the PIKF polymers in terms of gel permeation chromatography (GPC), polymer solubility, thermal behavior (TG), differential scanning calorimetry (DSC), UV-vis absorption spectra, photoluminescence will be investigated.
Results and discussion

Synthesis of model compound
The model compound 3,6-dianilino-9-fluorenone was synthesized by palladiumcatalyzed amination of 3,6-diamino-9-fluorenone with bromobenzene (Scheme 1). The model compound possesses an electron-donating group (imino group) conjugated to an electron-withdrawing group (carbonyl group), which result in a photoinduced intramolecular charge-transfer (ICT). Therefore the long wavelength transition observed for model compound can be assigned to the intramolecular charge-transfer transition (ICT), where charge transfer occurs from the two imino groups toward the electron-poor carbonyl moiety. Scheme 1. Synthesis of 3,6-dianilino-9-fluorenone.
Synthesis of PIKs
The satisfactory result was obtained from the model reaction, and the synthesis of PIKF using this novel synthetic route was attempted. Three types of novel PIKF were synthesized via palladium-catalyzed amination of 3,6-dianilino-9-fluorenone with aromatic dibromides (Scheme 2).
Scheme 2. Synthesis of PIKF.
The molecular weights of the reprecipitated polymers were measured by GPC (calibrated by polystyrene standards). The M n values are in the range of 3400 4300 and the M w values in the range of 10200 13800. The polydispersities (M w /M n ) vary from 3.00 up to 3.34 (Table 1 ). In comparison, the molecular weights of PIKF are lower than poly(imino ketone) (PIK). The soluble fraction in DMF calibrated by GPC polystyrene standards
Thermal properties of PIKF
The typical TG traces in nitrogen are demonstrated in Figure 1 for PIKF polymers. The thermal stability was evaluated by a 5 % weight loss at the minimum temperature. TG curves revealed that the polymers were thermally stable up to 490 °C in nitrogen. The 50 % weight loss of the polymers took place at different temperature.
Differential scanning calorimetry (DSC) of PIKF up to 200°C showed a single T g . Three representative DSC thermograms of the polymers are shown in Figure 1 (the inset in Figure 3 ). All PIKF polymers show high T g s ranging from 205 °C to 220 °C, PIKF-a gave a higher T g at 220°C. The T g s are higher than those of the related PEKs which range from 129 to 167 °C. 
UV absorption spectra of PIKF
The absorption spectra of polymers PIKF-c ( Figure 2) show a low energy broad absorption band at 600 nm and the second absorption is a shoulder at ~ 455 nm. They are comparable with the absorption spectrum of the model compound. However, in the absorption spectra of PIKF-a and PIKF-b only a broad absorption band at 450-460 nm of the polymer backbone was observed. Therefore, the absorption spectra of PIKF-a and PIKF-b differ significantly from that of the model compound. This is due to the increasing different extent of the π-electron system.
Fig. 2. Mechanical behavior of PIK-b (T ref = 210 °C).
Photoluminescence spectra of PIKF
The photoluminescence spectrum of model compound in dimethyl acetamide solution exhibit emission maximum at ~ 515 nm with a strong vibronic peak at ~ 550 nm ( Figure 3 ). The photoluminescent spectra of polymers PIKF-c exhibit emission maximum at ~ 505 nm with a strong vibronic peak at ~ 545 nm. The two emission peaks in the photoluminescence (PL) spectra of polymer PIKF-c is shifted towards shorter wavelength by 10 nm (blue shift-10 nm) than the corresponding emission peaks in photoluminescence (PL) spectrum of model compound. Meanwhile, polymers PIKF-a and PIKF-b have emission maximum at ~470 nm as a shoulder and a peak at ~510 nm. Therefore, they are shifted towards shorter wavelength by 45 nm (blue shift-45 nm) than the corresponding emission peaks in photoluminescence (PL) spectrum of model compound. The blue shift in the latter case is higher than in the former case as a consequence of increasing the interaction with extended π-delocalization of the polymer backbone of PIKF-a and PIKF-b.
Fig. 3. Mechanical behavior of PIK-b (T ref = 210 °C).
Conclusions
A series of novel poly(arylene imino) containing fluorenone group (PIKF) synthesized via palladium-catalyzed polycondensation PIKF exhibit good thermal stability and high T g s. PIKF polymers as novel electron-deficient (n-type) polymers have a unique chemical structure in which the withdrawing effect of the carbonyl groups is expected to lower the reduction potential. Consequently, PIKF polymers are interesting materials for further investigations to be presented as possible candidates for use as an electron transport layer (n-type) in multilayer LEDs.
Experimental part
Materials and Measurements
Tris(dibenzylideneacetone)-dipalladium(0) (Pd 2 (dba) 3 ) and 2,2'-bis-(diphenylphosphino)-1,1'-binaphthyl (BINAP) were purchased from Alfa Aesar a Johnson Matthey Company in USA. 3,6-Diamino-9-fluorenone was synthesized in our laboratory.
FTIR spectra were recorded on a Nicolet 6700 FTIR spectrometer. Elemental analysis was performed on a Perkin-Elmer model 2400 CHN analyzer. 1 H NMR spectra were recorded using Bruker AMX500 Hz NMR spectrometers in DMSO-d6. The DSC curves obtained during the second heating scan were taken into consideration. The samples were heated at a rate of 10 0 C/min under flowing nitrogen gas. Thermogravimetric analysis was performed on a mettler TC 10A instrument at a heating rate of 10 0 C/min under nitrogen atmosphere.
Synthesis of 3,6-dianilino-9-fluorenone
An oven-dried resealable Schlenk flask (50mL) equipped with magnetic stirrer, a nitrogen outlet, inlet and water-cooled condenser, added to which are 3,6-diamino-9-fluorenone (4.0 mmol), bromobenzene (8.0 mmol), sodium tert-butoxide (12.0 mmol), tris(dibenzylideneacetone)dipalladium(0) Pd 2 (dba) 3 (0.04 mmol), 2,2`-bis-(diphenylphosphino)-1,1`-binaphthyl (BINAP) (0.12mmol), and DMAc (10 mL). The reaction mixture was flushed with high purity nitrogen. The flask was immersed in a 100 °C oil bath for 20 h. The resulting solution was allowed to slowly cool to room temperature, filtered and subsequently poured into methanol, filtered and dried. The crude material was purified by recrystallization from chloroform/ methanol to afford 3,6-dianilino-9-fluorenone as red crystals.
Synthesis of PIKF
An oven-dried resealable Schlenk flask (50mL) equipped with magnetic stirrer, a nitrogen outlet, inlet and water-cooled condenser, added to which are 3,6-dianilino-9-fluorenone (5.0 mmol), bromine compounds (5.0 mmol), sodium tert-butoxide (14.0 mmol), tris(dibenzylideneacetone)dipalladium(0) Pd 2 (dba) 3 (0.05 mmol), 2,2`-bis-(diphenylphosphino)-1,1`-binaphthyl (BINAP) (0.10mmol), and DMAc (15 mL). The reaction mixture was flushed with high purity nitrogen. This procedure was repeated 4 times. The flask was immersed in a 100 °C oil bath for 10 h, and then in a 150 °C oil bath for 12 h with continuous stirring. The resulting polymer solution was allowed to slowly cool to room temperature, filtered and subsequently poured into methanol, filtered, washed with methanol several times, and then dried at 100 °C under vacuum.
